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(57) ABSTRACT

The present invention relates to a liquid crystal light valve
comprising: a first substrate where a first polymer layer is
formed thereon; a second substrate where a second polymer
layer is formed thereon, the first polymer layer is opposite to
the second polymer; and a liquid crystal material layer filled
in between the first polymer layer and the second polymer
layer, wherein the first polymer layer and the second polymer
layer have a roughened surface, and the roughened surface is
disposed between the first polymer layer and the liquid crystal
material layer, or between the second polymer layer and the
liquid crystal material layer.

8 Claims, 6 Drawing Sheets
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Providing a first substrate and a
second substrate, each of the first
substrate and the second substrate
forms a first polymer layer and a
second polymer layer respectively,
the first polymer layer and the
second polymer layer are disposed
opposite to each other, and the first
polymer layer and the second
polymer layer is disposed with a
liquid crystal material layer

——(4)

Executing a heating process

_—(B)

i

Executing a cooling process

—(C)
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LIQUID CRYSTAL LIGHT VALVE AND
METHOD FOR MANUFACTURING THE
SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

This present application claims the benefit of Taiwanese
Patent Application No. 100145162 filed on Dec. 7,2011. The
abovementioned foreign application is herein incorporated
by reference in their entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a liquid crystal light valve
and a method for making the liquid crystal light valve thereof,
which is an especial liquid crystal light valve adapted for low
voltage operation and considerable energy conservation.

2. Description of Related Art

Polymer-dispersed liquid crystal (PDLC) is currently the
most dominating application of a scattering light valve, and
the operating voltage needed for it ranges approximately
between 60 to 70 volts. For the scattering light valve, the
liquid crystal light valve is maintained in a light-scattering
state so that the light is blocked when there is no interference
of'externally applied voltage. But when an external voltage is
applied on the liquid crystal light valve, the liquid crystal light
valve will turn to appear transparent and allow the light to
pass through.

For details on the use of liquid crystal light valve, please
refer to FIG. 1A-FIG. 1C, which show perspective views of
use of liquid crystal light valve. As shown in FIG. 1A, the light
cannot pass through the liquid crystal light valve 101 when no
external operating voltage is applied onto the liquid crystal
light valve 101. Under this condition, it is not possible to see
any object through the liquid crystal light valve 101. On the
other hand, when an external voltage is applied (e.g. by apply-
ing an operating voltage of 30 volts), the liquid crystal light
valve 101 will begin to show light transmission. As shown in
FIG. 1B, when part of light passes through a liquid crystal
light valve 101, the view of the object behind the liquid crystal
light valve 101 can be roughly seen.

Moreover, when the operating voltage is increased to about
60~70 volts, the light transmittance of liquid crystal light
valve 101 will be correspondingly increased to its maximum
level. Under the situation as shown in FIG. 1C, the liquid
crystal light valve 101 can permit more light to pass through,
and making the view of the object at the rear of the liquid
crystal light valve 101 more clear to be seen.

However, there are still many drawbacks can be found in
the abovementioned known liquid crystal light valve 101. For
example, liquid crystal light valve 101 of the known art would
require exceptionally high operating voltage (for instance, 60
to 70 volts for operating voltage, as described), such under-
taking would mean consumption of a great deal of energy to
keep the liquid crystal light valve 101 of the known art run-
ning. Furthermore, known liquid crystal light valve 101
requires a long response time. That is, when the external
operating voltage is adjusted from its original state, the light
transmittance of the liquid crystal light valve 101 will not be
able to response immediately to the operating voltage thathas
changed, and adjust itself accordingly. In addition to this, the
known liquid crystal light valve 101 also faces a viewing
angle related problem, in which the light valve is not suitable
for all viewing angels.
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Inview of the above, although liquid crystal light valve has
excellent properties to offer, it is still restricted by numerous
drawbacks and cannot find public popularity. As a result,
there is a need in the industry for a novel liquid crystal light
valve, one such that could improve on the particular disad-
vantages so as to make the liquid crystal light valve more
acceptable for use in application.

SUMMARY OF THE INVENTION

An object of the present invention is to provide a liquid
crystal light valve, which can operate with low voltage to
significantly conserve on energy consumption.

Another object of the present invention is to provide a
liquid crystal light valve, one that is isolated from polarizing
effect, independent of need for polarizer, and has a simple
manufacturing process, short response time, high contrast
ratio, and others.

Yet another object of the present invention is to provide a
method for making a liquid crystal light valve such that the
production cost for making liquid crystal light valve can be
greatly reduced by means of a simple manufacturing process.

In order to achieve the abovementioned object, a liquid
crystal light valve of the present invention is provided, com-
prising: a first substrate, the first substrate includes a first
polymer layer; a second substrate, the second substrate
includes a second polymer layer, and the first polymer layer
and the second polymer layer are disposed opposite to each
other; and a liquid crystal material layer, the liquid crystal
material layer is interposed between the first polymer layer
and the second polymer layer; wherein, the first polymer layer
and the second polymer layer have a roughened surface, and
the roughened surface is situated between the first polymer
layer and the liquid crystal material layer, or between the
second polymer layer and the liquid crystal material layer.

In the current invention, it is preferred to subject the first
polymer layer and the second polymer layer to a heating
process, and subsequently to a cooling process in order to
form the abovementioned roughened surface. It is of particu-
lar interest to note here that in the above heating process, the
first polymer layer and the second polymer layer are preferred
to dissolve in the liquid crystal material layer, and the liquid
crystal material layer is preferred to be separated in the cool-
ing process and attached onto the first polymer layer and the
second polymer layer. In addition, in the abovementioned
heating process it is preferred to heat the temperature to
exceed the phase transition point of the liquid crystal material
layer.

Also, there is no limitation on the choice of liquid crystal of
the liquid crystal material layer. The liquid crystal material is
preferred to be a nematic liquid crystal, a semantic liquid
crystal, or a cholesteric liquid crystal. More preferably, the
liquid crystal material is a nematic liquid crystal.

In addition, there is also no limitation on the choice of
substrate for the abovementioned first substrate and the sec-
ond substrate. The first substrate is preferred to be a glass
substrate, or a flexible substrate. The second substrate is
preferred to be a glass substrate, a flexible substrate. Accord-
ing to the above description, the first substrate and the second
substrate can both use glass substrates or flexible substrates at
the same time, or one of them can use glass substrate and the
other can use flexible substrate. Further, the glass substrate is
not limited in any form, which is preferred to be an indium tin
oxide (ITO) conductive glass, an indium zinc oxide (IZO)
conductive glass, a tin oxide (SnO,) conductive glass, or a
zinc oxide (ZnO) conductive glass.



US 9,176,336 B2

3

Materials making up the first polymer layer and the second
polymer layer are also not restricted. However, the materials
making the first polymer layer and the second polymer mate-
rial are preferred to be poly(N-vinyl carbazole) for the
method of making the liquid crystal light valve of the present
invention.

According to the liquid crystal light valve of the present
invention, the operating voltage is preferred to be between 0V
and 20V, and more preferred to be between OV and 18V. In
addition, the light transparency is preferred to be between 0%
and 80%. A skilled person would be able to know based on the
range of operating voltage that the operating voltage required
for the liquid crystal light valve is low, and therefore can help
to conserve energy consumption.

A liquid crystal light valve preparation method of the
present invention is provided for achieving the above object,
which comprises the following steps: (A) providing a first
substrate and a second substrate, the first substrate and the
second substrate each forms respectively into a first polymer
layer and a second polymer layer, and there is interposed with
a liquid crystal material layer between the first polymer layer
and the second polymer layer; (B) executing to a heating
process; and (C) executing to a cooling process to make the
first polymer layer and the second polymer layer to form a
roughened surface, and the roughened surface is interposed
between the first polymer layer and the liquid crystal material
layer or between the second polymer layer and the liquid
crystal material layer.

In step (A), it is preferred to make a liquid crystal cell from
a first substrate and a second substrate, and to fill the above-
mentioned liquid crystal material layer inside the liquid crys-
tal cell. Next, the type of the liquid crystal used in the liquid
crystal material layer is not particularly restricted, the liquid
crystal material layer is preferred to be a nematic liquid crys-
tal, a sematic liquid crystal, or a cholesteric liquid crystal,
however, it is more preferred to be a nematic liquid crystal.

Then, the heating temperature in step (B) is preferred to be
between 50° C. to 150° C. It is of particular interest here to
point out that the heating process works to exceed the phase
transition point of the liquid crystal material layer. Then, the
first polymer layer and the second polymer layer formed
between the first substrate and the second substrate are pre-
ferred to dissolve in the liquid crystal material layer during
the heating process of step (B). In addition, first polymer layer
and the second polymer layer dissolved in the liquid crystal
material layer are preferred to be separated out and become
attached to the first polymer layer and the second polymer
layer.

Otherwise, the first substrate and the second substrate in
the above description are not particularly restricted to a spe-
cific type of substrate. The first substrate is preferred to be a
glass substrate, or a flexible substrate. And the second sub-
strate here is preferred to be a glass substrate, or a flexible
substrate. According to the above description, the first sub-
strate and the second substrate can at the same time be
selected as glass substrates or flexible substrates, and can be
set up to be one being a glass substrate and the other being a
flexible substrate. The glass substrate is not particularly
restricted to a specific form, and is preferred to be an indium
tin oxide (ITO) conductive glass, an indium zinc oxide (IZ0O)
conductive glass, a tin oxide (SnO,) conductive glass, or a
zinc oxide (ZnO) conductive glass.

The material for the first polymer layer and the second
polymer layer are not restricted, however, in the preparation
method for aliquid crystal light valve of the current invention,
the first polymer layer and the second polymer layer are
preferred to be [poly(N-vinyl carbazole)]. As described in
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step (A), the first polymer layer and the second polymer layer
are formed on the first substrate and the second substrate. It
should be noted here that there is no limitation on the method
of forming the first polymer layer and the second polymer
layer. However, the method is preferred to be spin coating, dip
coating, spraying, ink jet printing, roller printing, or slit coat-
ing.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG.1A-FIG. 1C are perspective diagrams showing the use
the liquid crystal light valve according to the current inven-
tion.

FIG. 2 shows the liquid crystal light valve of the embodi-
ment 1 of the current invention.

FIG. 3 is a flowchart diagram showing the preparation
method for the liquid crystal light valve of the embodiment 2
of the current invention.

FIG. 4A-4C show the preparation method for making the
liquid crystal light valve of the embodiment 2 of the current
invention.

FIG. 5 demonstrates the relationship between externally
applied voltage and light transmittance of the liquid crystal
light valve provided by the current invention.

FIG. 6A and FIG. 6B are diagrams showing the response
time of the liquid crystal light valve provided by the current
invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

Hereafter, examples will be provided to illustrate the
embodiments of the present invention. Other advantages and
effects of the invention will become more apparent from the
disclosure of the present invention. Other various aspects also
may be practiced or applied in the invention, and various
modifications and variations can be made without departing
from the spirit of the invention based on various concepts and
applications.

EXAMPLE 1

For the liquid crystal light valve of the embodiment 1 ofthe
current invention, please refer to FIG. 2, FIG. 2 shows the
liquid crystal light valve of the embodiment 1 of the current
invention. As shown in FIG. 2, the liquid crystal light valve
200 of embodiment 1 of the current invention comprises: a
first substrate 201, a second substrate 202, and a liquid crystal
material layer 203.

Next, a first polymer layer 2011 is formed on the first
substrate, and a second polymer layer 2021 is formed on the
second substrate. The first polymer layer 2011 and the second
polymer 2021 are disposed in opposite direction to each other.
Further as shown in FIG. 2, the liquid crystal material layer
203 is filled in between the first polymer layer 2011 and the
second polymer layer 2021.

To be noted in FIG. 2, the first polymer layer 2011 and the
second polymer layer 2021 each has a roughened surface 204,
and the roughened surface 204 is interposed between the first
polymer layer 2011 and the liquid crystal material layer 203
or between the second polymer layer 2021 and the liquid
crystal material layer 203.

The first substrate 201 and the second substrate 202 are not
restricted to any substrate, but with the liquid crystal light
valve of the embodiment 1 of the current invention, the first
substrate 201 and the second substrate 202 can be selected as
glass substrates, or flexible substrates. The glass substrate can



US 9,176,336 B2

5

be for example, indium zinc oxide (IZO) conductive glass, tin
oxide (SnO,) conductive glass, or zinc oxide (ZnO) conduc-
tive glass. In the liquid crystal light valve of the embodiment
1 of the current invention, the first substrate 201 and the
second substrate 202 are glass substrates, and the glass sub-
strates are indium tin oxide conductive glasses.

Besides, the first polymer layer 2011 and the second poly-
mer layer 2021 above can be selected as [poly(N-vinyl car-
bazole)]. The above description reveals that the first polymer
layer 1011 and the second polymer layer 2021 each forms on
the first substrate 201 and the second substrate 202. With it,
the method of forming the first polymer layer 2011 and the
second polymer layer 2021 include spin coating, dip coating,
spraying, ink jet printing, roller printing, or slit coating. For
the crystal light valve of embodiment 1 of the current inven-
tion, spin coating is used to form the first polymer layer 2011
and the second polymer layer 2021.

According to the liquid crystal light valve of embodiment
1 of the current invention, the operating voltage is preferred to
be between 0V and 20V, more preferred to be between OV to
18V. In addition, the transparency is preferred to be between
0% to 80%, and for the liquid crystal light valve of embodi-
ment 1 of the current invention, light transparency of liquid
crystal light valve is 76.7%, and it will be understood based on
the operating voltage range that the liquid crystal light valve
of embodiment 1 of the current invention, the required oper-
ating voltage is much lower than that required for traditional
liquid crystal light valve, which therefore can contribute to
saving on energy consumption.

EXAMPLE 2

Please refer to FIG. 3 for the preparation method for the
liquid crystal light valve of embodiment 2 of the current
invention. FIG. 3 is a flowchart diagram showing the prepa-
ration method for the liquid crystal light valve of the embodi-
ment 2 of the current invention, which comprises the follow-
ing steps: (A) providing a first substrate and a second
substrate, the first substrate and the second substrate each
forms respectively into a first polymer layer and a second
polymer layer, and there is interposed with a liquid crystal
material layer between the first polymer layer and the second
polymer layer; (B) executing to a heating process; and (C)
executing to a cooling process to make the first polymer layer
and the second polymer layer to form a roughened surface,
and the roughened surface is interposed between the first
polymer layer and the liquid crystal material layer or between
the second polymer layer and the liquid crystal material layer.

Below, a more detailed description for the preparation
method for a liquid crystal light valve of the current invention
is provided.

In reference to FIG. 4A-FIG. 4C, FIG. 4A-FIG. 4C show
the preparation method for making the liquid crystal light
valve of the embodiment 2 of the current invention. Referring
now to FIG. 4A, first, a first substrate 401 and a second
substrate 402 are provided. In the preparation method for a
liquid crystal light valve of embodiment 2 of the current
invention, the first substrate 401 is a glass substrate, and
which is an indium tin oxide conductive glass, and the second
substrate 402 is a flexible substrate. Then, the first substrate
401 and the second substrate 402 each forms a first polymer
layer 4011 and a second polymer layer 4021, and the first
polymer layer 4011 and the second polymer layer 4021 are
disposed in opposite direction to each other.

Of particular interest here is that the material making up the
first polymer layer 4011 and the second polymer layer 4021 is
[poly(N-vinyl carbazole)], and each of the first polymer layer
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4011 and the second polymer layer 4021 forms on the first
substrate 401 and the second substrate 402 through the dip
coating method. In addition, a liquid crystal material layer
403 is interposed between the first polymer layer 4011 and the
second polymer layer 4021. Then, the type of liquid crystal
for the liquid crystal layer 403 is a nematic liquid crystal.

Of further interest here is that the in the preparation method
for the liquid crystal light valve of embodiment 2 of the
current invention, the first substrate and the second substrate
402 are worked to form a liquid crystal cell first before filling
up the container with liquid crystal material layer 403. How-
ever, this step is not a required step for the current invention.

The next step is to subject the liquid crystal cell to a heating
process. In reference to FIG. 4B, when the liquid crystal cell
undergoes a heating process, the heating process is preferred
to raise the temperature to exceed the phase transition point of
the liquid crystal material layer 403, so as to make the liquid
crystal material have an isotropic arrangement. By this, the
first polymer layer 4011 and the second polymer layer 4021
will dissolve in each isotropic liquid crystal material layer
403. Importantly, the circle in FIG. 4B is poly(N-vinyl car-
bazole). Also, the temperature in the heating process is
between 50° C. and 150° C., and in the preparation method for
liquid crystal light valve of embodiment 2 of the current
invention, the temperature in the heating process is 60° C.

Next, the liquid crystal cell is subjected to a cooling pro-
cess, which entails lowering the temperature of the liquid
crystal cell to room temperature. When the temperature of the
liquid crystal cell is lowered to room temperature, the poly
(N-vinyl carbazole) dissolved in the liquid crystal material
layer 403 will be separated out from the liquid crystal material
layer 403, and will be attached to the first polymer layer 4011
and the second polymer layer 4021. By way, the first polymer
layer 4011 and the second polymer layer 4021 work form the
roughened surface shown in FIG. 4C.

As described above, the poly(N-vinyl carbazole) dissolved
in the liquid crystal material is separated out and attached to
two edges of the first substrate and the second substrate to
result in a roughened, uneven structure shown in FIG. 4C.
This structure can make the liquid crystal material arrange-
ment into a disordered state, which can allow light scattering.
By this, according to the liquid crystal light valve made from
the preparation method of current invention, when there is no
external provision of applied voltage, light cannot pass
through the liquid crystal light valve. When an external oper-
ating voltage is added to the liquid crystal light valve, changes
with the liquid crystal of the light valve will become obvious
as they respond to the electric field, making the light to pass
through light valve.

With the provision of operating voltage, light transparency
of the light valve will increase accordingly; this means that
light transparency and scattering of the light can be controlled
at a manual level by manipulating operating voltage. With
reference now to FIG. 5, FIG. 5 shows the relationship
between externally applied voltage and light transmittance of
the liquid crystal light valve provided by the current inven-
tion. FIG. 5 shows that based on the liquid crystal light valve
obtained from the preparation method of the current inven-
tion, its efficiency can reach a contrast ratio of 300, an oper-
ating voltage about 18 volts, maximum transmittance close to
80%. Therefore, as compared to the known liquid crystal light
valve, the operating voltage of the liquid crystal light valve of
the current invention can be significantly lowered to only near
20 volts, thereby keeping down by a considerable amount the
consumed energy.

Further reference is directed to FIG. 6A and FIG. 6B,
which show diagrams displaying the response time of the
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liquid crystal light valve of the current invention. FIG. 6A
shows response time of the liquid crystal light valve when the
external operating voltage rises from 0 volts to 20 volts; FIG.
6B shows the response time of the liquid crystal light valve
when the external operating voltage drops from 20 volts to 0
volts.

It can be understood from FIG. 6A, when the external
operating voltage rises from O volt to 20 volts, it only takes
about 1.25 ms for the transmittance of the liquid crystal light
valve to increase from its minimum at 10% to its maximum at
90% (as shown in FIG. 6 A where the response time is 1.26
ms), and FIG. 6B shows that when the external operating
voltage drops from 20 volts to 0 volt, it only takes about 5.7
ms for the transmittance of the liquid crystal light valve to
drop from its maximum at 90% to its minimum at 10% (as
shown in FIG. 6B where the response time is 5.7 ms).

In addition, the method production of the liquid crystal
light valve provided by the present invention is straightfor-
ward and requires no execution of complex flow of steps, and
only needs low energy consumption in the fabrication pro-
cess. Therefore, related economic cost for making liquid
crystal light valve can be greatly reduced, which is believed to
beneficial to mass production.

EXAMPLE 3

The preparation method for the liquid crystal light valve of
embodiment 3 of the present invention is similar to that
described in embodiment 2, where the difference is at: in the
preparation method for the liquid crystal light valve of
embodiment 3 of the present invention, the first substrate is a
glass substrate, and is zinc tin oxide conductive glass. In
addition, the type of liquid crystal for the liquid crystal mate-
rial layer is cholesteric liquid crystal. Also, the material mak-
ing up the first polymer layer and the second polymer layer is
a cholesteric liquid crystal, and the cholesteric liquid crystal
is made from a mixture of E7 type nematic liquid crystal and
chiral material. There is no restriction on the type for chiral
material, and in the preparation method of liquid crystal light
valve of embodiment 3 of the current invention, the chiral
material is a CB 15. In addition, the heating process tempera-
ture is 80° C.

Other similarities to the preparation method for liquid crys-
tal light valve of embodiment 2 for the current invention will
not be further elaborated.

The above embodiment is provided as an example for easy
illustration purposes; the scope of protection sought by the
present invention should be based on patent claim coverage
only, and not limited to only the above embodiments.

What is claimed is:

1. A method for preparing a liquid crystal light valve,
comprising the steps of:
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(A) providing a first substrate and a second substrate, each
of the first substrate and the second substrate forms a first
polymer layer and a second polymer layer respectively,
the first polymer layer and the second polymer layer are
disposed opposite to each other, and the first polymer
layer and the second polymer layer is disposed with a
liquid crystal material layer;

(B) executing to a heating process; and

(C) executing to a cooling process, to make the first poly-
mer layer and the second polymer layer form a rough-
ened surface, and the roughened surface is disposed
between the first polymer layer and the liquid crystal
material layer or between the second polymer layer and
the liquid crystal material layer;

wherein in step (B), the first polymer layer and the second
polymer layer dissolve in the liquid crystal material
layer; and

wherein in step (C), the first polymer and the second poly-
mer dissolved in the liquid crystal material layer are
separated out and attached onto the first polymer layer
and the second polymer layer.

2. The method for preparing a liquid crystal light valve
according to claim 1, wherein in step (A), the first substrate
and the second substrate are formed into a liquid crystal cell,
and the liquid crystal cell is filled with a liquid crystal material
layer.

3. The method for preparing a liquid crystal light valve
according to claim 1, wherein in step (A), the liquid crystal
material is a nematic liquid crystal, sematic liquid crystal, a
cholesteric liquid crystal.

4. The method for preparing a liquid crystal light valve
according to claim 1, wherein in step (A), the first substrate
and the second substrate are each individually a glass sub-
strate, or a flexible substrate.

5. The method for preparing a liquid crystal light valve
according to claim 1, wherein in step (A), the first polymer
layer and the second polymer layer are made of [poly(N-vinyl
carbazole)].

6. The method for preparing a liquid crystal light valve
according to claim 1, wherein in step (A), the method for
forming the polymer layer is spin coating, dip coating, spray-
ing, ink jet printing, roller printing, or slit coating.

7. The method for preparing a liquid crystal light valve
according to claim 1, wherein in step (B), a heating tempera-
ture is between 50° C. and 150° C.

8. The method for preparing a liquid crystal light valve
according to claim 1, wherein in step (B), the heating process
works to raise a temperature to exceed a phase transition point
of the liquid crystal material.
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